The purpose of this study was to establish normal echocardiographic measurements of valvular motion, cavity dimensions, great vessel diameters, and right, left, and septal wall thicknesses of children ranging in size from infants to full growth. The study group was composed of 205 normal, healthy children for whom echocardiograms and subsequent measurements were performed in a standardized manner. The following measurements were performed: left ventricular end-diastolic and end-systolic dimension, right ventricular end-diastolic cavity dimension, right ventricular end-diastolic anterior wall thickness, left ventricular enddiastolic posterior wall thickness, ventricular septal end-diastolic thickness, maximal left atrial dimension, end-diastolic aortic and pulmonary artery diameter, end-diastolic cardiac and septal depth, maximal aortic leaflet separation, and maximal anterior mitral and anterior tricuspid amplitude. Data are grouped into the fifth, fiftieth, and ninety-fifth percentiles according to body surface area. These graphs allow measurements of a single patient to be compared to normal measurements of individuals with similar body surface area.
After obtaining parental consent, unsedated subjects were examined in the supine position. Prandial state was not taken into account. Instrumentation in both institutions consisted of a commercially available Smith-Kline echograph and a Honeywell 1856 ultraviolet recorder.
Transducers used in this study included a 6 mm diameter, 5mHz or 3.5 mHz nonfocused transducer for smaller children and a 2.25 mHz, nonfocused 12 mm diameter transducer for larger children.
After the transducer was coupled to the chest with an airfree gel, it was directed posteriorly at the 4th left intercostal space to locate the mitral valve as the index structure. In small children it was at times necessary to place the transducer in the third interspace. The transducer position was then varied to identify all other structures according to standard methods as described by Feigenbaum.0 The pulmonary valve was sighted by directing the transducer posteriorly in the second interspace, as described by Solinger and coworkers.3 Measurement Techniques Figure 1 shows a normal echocardiogram with the distances measured to determine the following structures.
Pulmonary artery root (PA root) was measured from the anterior to posterior outer wall at the beginning of the QRS Circulation, Volume 51, June 1975 CARDIAC GROWTH IN CHILDREN complex. This was measured only when both walls were clearly visible.
Pulmonic valve (PV) was measured from the inner aspect of anterior cusp to the inner aspect of posterior cusp at maximal excursion at the beginning of the QRS inscription if both cusps were visible.
Aortic dimension (AoD) was measured from the outside anterior aortic wall to the outside posterior aortic wall at the lbeginning of inscription of the QRS complex.
Aortic valve intercusp distance (IcD) was measured from the inner aspect of anterior valve to the inner aspect of posterior valve at the point of maximal excursion in early systole.
Left atrial internal dimension (LAID) was measured in the plane of the aortic valve leaflets from outer posterior aortic wall to inner left atrial posterior wall at the widest dimension, at enrd systole after aortic valve closure. At Indiana University the anterior extent was measured from the inside of the aorta to the same posterior structure.
Right ventricular anterior wall (RVAW) was measured from the inner chest or pericardium (if visible) to the endocardial surface of the right ventricular anterior wall at beginning of the QRS inscription.
.z ', m # E _~~~~. Right ventricular cavity (RVC) was measured from the right ventricular endocardial surface to the right septal surface at the beginning of the QRS inscription.
Septal thickness was measured from the right septal surface to the left septal surface (in the plane of posterior mitral valve leaflet) at the beginning of the QRS.
Left ventricular posterior wall (LVPW) was measured in the plane of the posterior mitral valve leaflet (PMVL) from the endocardial surface to the epicardial surface (or to anterior extent of the pericardial echo if epicardium were not clearly delineated) at the beginning of the QRS.
Cardiac depth was measured in the plane of the posterior mitral leaflet from the posterior limit of anterior chest wall to the anterior surface of posterior pericardium at the beginning of the QRS.
Septal depth was measured in the plane of posterior mitral leaflet from the posterior limit of anterior chest wall to right ventricular surface of the septum at the beginning of the QRS (= sum RVAW + RVC).
Left ventricular cavity diastolic dimension (LVIDd) was measured in the plane of the PMVL from the left septal surface to the endocardium of LVPW at the beginning of the QRS. The largest and smallest values for a cardiac parameter (in centimeters) irrespective of age are indicated. Abbreviations are the same as for figure 1. Aortic valve. The aortic valve excursion curve is seen in figure 4 . The leaflet separation has extremely limited variability from patient to patient.
Mitral valve. The curve for the mitral valve excursion ( fig. 4 ) correlated more weakly with body surface area than most measurements. The mean increased by only a factor of 1.4 when the smallest and largest patients were compared.
Tricuspid valve. In contrast to the mitral valve, the mean maximal tricuspid excursion approximately doubled with growth. The excursion, as measured, was greater than for the mitral; perhaps this is a function of the angle of examination (fig. 4) .
Pulmonary artery root and valve. Pulmonary root and pulmonary artery leaflet opening measurements were difficult to obtain. It was possible to image both pulmonary leaflets simultaneously only a few times, and when they were imaged, the intercusp distance varied depending on angulation. The anterior wall of the pulmonary artery was visualized relatively often, but simultaneous visualization of both pulmonary arterial walls was very rare. When this was accomplished, the distance between them could be varied by transducer angulation. For these reasons, no usable data were collected for pulmonary artery root measurement or intercusp distance.
Ten percent of the echocardiograms recorded in Arizona showed small systolic and early diastolic epipericardial posterior separation. These may have occurred in echocardiograms recorded in Indiana but were not an object of search. Almost all: patients had anterior epipericardial systolic separations.
The measurements for the interventricular septum than 0.8 m2, the variability and chamber size apparently precluded finding a statistical difference between the two institutional measurements.
Our studies show very little thickening of the right ventricular anterior wall with age. A thickness of 3.5 mm was the upper limit of normal in an individual patient (table 1) . These normal data should be useful in judging the extent of right ventricular hypertrophy.
With the child in the supine position, the right ventricular anterior wall frequently separates from the chest wall. In these children, measurement from the chest wall to the right ventricular endocardial surface will produce a falsely large wall thickness. The anterior surface of the wall can usually be identified by decreasing the gain and using high frequency transducers.
The ratio of interventricular septal to posterior left ventricular wall thickness ranged from 0.67 to 1.33 in individual patients. This ratio is of considerable importance because it is used as the criterion for the diagnosis of asymmetric septal hypertrophy. Our upper ratio agreed with that found by Henry and coworkers.7
The left atrial to aortic ratio had a 50th percentile value of 1.06. Although this ratio in individual patients varies over a wide range -0.84 to 1.28 the size of the two structures are generally related to one another in normal individuals. However, the assumption of a one-to-one ratio for an individual patient is unwarranted.
The pulmonary artery size is very difficult to standardize by single crystal techniques. Different values could be obtained from the same child by using different transducer angulation. We regard this measurement as unreliable.
This study provides growth related, quantitative measurements in normal children which will be useful in assessment of children with congenital cardiac disease.
